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Abstract. During the last decades, settlement activities in-
creased in European mountain regions. Due to the scarceness
of areas suitable for development, residential estates were ex-
tended into areas endangered by natural hazards such as mass
movements. These settlements generally show a consider-
able vulnerability to tangible assets.
Integral risk management strategies to reduce the vulner-
ability to tangible assets are presented for the assessment of
such endangered areas. Conventional mitigation and local
structural measures are discussed with respect to the neces-
sary delimitation of endangered areas, the preparedness of
people and possible financial prevention. According to dif-
ferent natural hazard processes (flash floods with and with-
out bedload transport, debris flows, land slides, rock falls
and avalanches) and various structural elements of buildings,
a catalogue of local structural measures is presented with
respect to occurring process impacts and protection objec-
tives. Thereby, different local structural measures are classi-
fied and recommended according to a possible implementa-
tion for newly-erected buildings and for upgrading existing
buildings, respectively. Based on these recommendations,
future needs for a sustainable and comprehensive reduction
of risk in settlement areas endangered by mass movements
are outlined. Above all, this includes a prescription of build-
ing codes and the re-introduction of an obligatory final in-
spection of buildings.
1 Introduction
During the last decades, an increasing land-use activity could
be observed in European mountain regions. In Austria,
settlements have been expanded, leading to extensive land
consumption and associated population growth. Since the
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1970s, the average useable living space rose from 22 m2
per person in 1972 to 38 m2 in 2001 (Statistik Austria,
2004). As a major part of Austria is located in mountain
areas above 1000 m a.s.l. (approx. 36% of Austria’s terri-
tory; approx. 19% of Austria’s territory is located higher
than 1500 m a.s.l.), areas suitable for permanent settlement
are limited (see Fig. 1). In the entire country, 37.2% of the
whole area is suitable for permanent settlement and associ-
ated economic activities, while in some Federal States, the
values remain noticeably below one third of the area. Due
to this scarcity, commercial parks and particularly vulnera-
ble infrastructure has been extended into areas which are en-
dangered by natural hazards such as mass movements and
avalanches.
Consequently, an increase in losses due to hazard pro-
cesses is often claimed in recent years and can be mostly ex-
plained by an increase of property values in endangered areas
(Munich Re, 2007). However, these statements have hardly
been quantified. Until now, only few studies addressed the
development of losses due to natural hazards in the Alps
(SLF, 2000; Jo´hannesson and Arnalds, 2001; No¨thiger et al.,
2002; Fuchs and Bru¨ndl, 2005) and in Austria (Embleton-
Hamann, 1997; Luzian, 2000; Oberndorfer et al., 2007).
In Austria, strategies to prevent or to reduce the ef-
fects of natural hazards in areas of settlements and eco-
nomic activities have a long tradition. Apart from early at-
tempts for the local protection of settlements tracing back in
the mediaeval times, official authorities were only founded
in 1884 (La¨nger, 2003) based on a first legal regulation
( ¨Osterreichisch-Ungarische Monarchie, 1884). In the sec-
ond half of the 19th and in the early 20th century, protec-
tion against natural hazards was mainly organised by im-
plementing permanent measures in the upper parts of the
catchments to retain solids from erosion and in the release
areas of avalanches. These measures were supplemented
by silvicultural efforts to afforest high altitudes. Since the
1950s such conventional mitigation concepts – which aimed
Published by Copernicus Publications on behalf of the European Geosciences Union.
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Fig. 1. Percentage of area suitable for permanent settlement in Aus-
tria and in the Federal States (BEV, 2004).
at decreasing both, the intensity and the frequency of events –
were increasingly complemented by more sophisticated tech-
nical mitigation measures. Until the 1970s, mitigation con-
cepts mainly aimed at the deflection of hazard processes into
areas not used for settlements. In 1975, the Forest Act was
introduced, legally prescribing fundamentals in dealing with
natural hazards in Austria (Republik ¨Osterreich, 1975). Ad-
ditional legal regulations for torrent and avalanche control as
well as hazard mapping were implemented in 1976 (Repub-
lik ¨Osterreich, 1976).
Consecutively to the development of land-use planning
in the mid-1970s, hazard maps were introduced as a pas-
sive mitigation measure to prevent the development of set-
tlement activities in endangered areas (La¨nger, 2005). Haz-
ard maps, expected to be implemented area-wide across Aus-
tria by 2010, are supplemented by building codes in areas
with less hazard impact, and serve as a basis for integral risk
management strategies. As a result, hazard processes are no
longer solely deflected; conversely, a combination of diverse
active and passive mitigation measures is applied to prevent
damage to buildings, infrastructure and persons. This combi-
nation includes conventional technical structures to influence
the natural process as well as local structural measures to re-
duce the process impact on values at risk.
However, little information is available on local structural
protection measures so far, in particular with respect to dif-
ferent types, designs and materials used. The aim of the fol-
lowing sections is to partly close this gap by (1) presenting
the concept of local structural protection within the frame-
work of integral risk management and (2) providing a cata-
logue of local structural measures used in Austria to protect
buildings as well as infrastructure and lifelines.
Table 1. Technical protection measures according to their location
of implementation.
Catchment Channel/Track Deposition area
Drainage X
Stabilising structures X X
Consolidating structures X





Channel enlargement X X
2 Conventional mitigation within the framework of in-
tegral risk management
In the Republic of Austria, conventional mitigation of natu-
ral hazards can be traced back to the 1890s, when the French
system of forest-technical torrent and avalanche control was
adopted. Watershed management measures, forest-biological
and soil bio-engineering measures as well as technical mea-
sures (construction material: timber and stone masonry) had
been implemented. Thus, conventional mitigation concepts
– which influence both, the intensity and the frequency of
events – only consider technical structures within the catch-
ment, along the channel system or track and in the deposition
area. According to the approach of disposition management
(reducing the probability of occurrence of natural hazards)
and event management (interfering the transport process of
the hazard itself), a wide range of technical measures is ap-
plicable (Hu¨bl and Fiebiger, 2005; see Table 1).
Conventional technical measures are not only very cost-
intensive in construction, moreover, they interfere with the
ecology of a torrent as well as with the adjacent landscape
(e.g. Be˘lsky´ and Jarˇaba´cˇ, 2004; Mayer, 2004; Rudolf-Miklau
and Patek, 2004). Additionally, because of a limited lifetime
and therefore an increasing complexity of maintenance in
high-mountain regions, future feasibility of technical struc-
tures is restricted due to a scarceness of financial resources
provided by responsible authorities (Weinmeister, 1994). If
maintenance is neglected, mitigation measures will become
ineffective and can even increase the catastrophic potential
of natural hazards (Aulitzky, 1970).
Since conventional technical measures do neither guaran-
tee reliability nor complete safety (Schmid, 2005), a residual
risk of damage to buildings, infrastructure and harm to peo-
ple remains (Fell, 1994; BMLFUW, 2006). Even if such mit-
igation measures may reduce short-term losses, the long term
vulnerability might increase due to an enhanced attraction of
“secured” areas for settlement activities and institutional in-
vestors (Mileti and Myers, 1997).
Experiences from the last years suggested that values at
risk and spatial planning should be increasingly considered
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Table 2. Compilation of definitions with respect to diverse mitigation measures.
Active mitigation measures Initiation, transport or deposition of mass movements can be influenced by active
mitigation measures. The change of characteristics of magnitude and frequency can
be achieved either by influencing the probability of occurrence of a hazardous event
(disposition management), or by manipulating the hazardous process itself (event
management) (Hu¨bl and Fiebiger, 2005).
Active countermeasures should reduce the consequences of the potential hazard.
Passive mitigation measures Passive mitigation measures are based on the principle of spatial separation of the
endangered people and objects from the hazardous area (Wilhelm, 1997).
A reduction of potential loss and decrease of vulnerability should be achieved by
preventive measures (spatial planning, land-use) and event response (immediate ac-
tions in case of an (expected) event).
Structural mitigation measures Structural measures include all physical measures used to mitigate natural hazards.
Non-structural mitigation measures Non-structural mitigation measures typically concentrate on identifying hazard-
prone areas and limiting their use temporarily or permanently. Further forestal mea-
sures can be seen as non-structural measures.
Non-structural countermeasures are very site-specific and they greatly depend on
the organizational and legal structures in each country.
Permanent mitigation measures Permanent measures comprehend durable technical and forestal measures as well as
land-use planning. Further information of population is subsumed.
Temporary mitigation measures Temporary measures are adjusted to a certain point of time and the hazard potential
of a location. These measures are executed spontaneously.
Usually they complete or substitute the permanent measures with respect to an in-
creased economic efficiency.
within the framework of natural hazard reduction (Kanonier,
2006). To meet this goal, integral risk management strategies
seem to be a valuable instrument to reduce the susceptibility
of buildings and infrastructure to natural hazards and to de-
velop strategies for a strengthened resistance.
The framework of integral risk management requires a
combination of active and passive measures to reduce the im-
pact of natural hazard processes. Thereby, active measures
are applied to mitigate the process and passive measures are
based on the principle of a spatial separation of values at
risk from endangered areas (Hu¨bl and Steinwendtner, 2000).
However, a review of existing literature had shown that active
and passive measures are not defined in a unique system un-
til now, since these terms have different meanings depending
on the different mitigation philosophies in individual coun-
tries. Not only “active” and “passive” mitigation measures
are used as customary terms in dealing with natural hazards,
further well-established terms such as “permanent”, “tem-
porary”, “structural” and “non-structural” measures can be
found in the literature. For a clarification, definitions widely
used in European mountain areas are shown in Table 2.
Following these definitions, mitigation measures are cat-
egorised applying a matrix presented in Table 3. As a re-
sult, active permanent mitigation measures, such as tech-
nical measures and forestal measures, can be distinguished
Table 3. Categories of mitigation measures.
Active Passive
Permanent Soil bio-engineering Spatial planning and land-use
Forestal measures Hazard mapping
Technical measures Local structural measures
Temporarily Immediate measures Information and warning
Exclusion zones and evacuation
from passive permanent spatial planning activities and land-
use regulations. Permanent measures are supplemented by
temporary measures, such as immediate support (active)
and evacuation (passive). With respect to risk management
strategies, a combination of active and passive measures and
permanent and temporal measures is used for an optimised
and cost-efficient prevention of damage (e.g. Leitgeb and
Rudolf-Miklau, 2004; Fuchs et al., 2007a). Thereby, dam-
age is – apart from definitions in social sciences, where neg-
atively evaluated consequences or effects of an event are sub-
jectively and normatively rated – considered as quantifiable
mathematical number, e.g. in terms of monetary units (Berg,
1994).
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Table 4. Distribution of damage at the building itself and at interior
decoration (adopted from Egli, 2002a).
Damage at the building itself Damage at interior decoration
Walls, ceilings and their panelling (36%) Furniture (40%)
Floor and floor covering (27%) Fixtures (40%)
Heating system (27%) Doors and electrical equipment (20%)
Electric wires and windows (10%)
Risk resulting from natural hazards is defined as a func-
tion of the probability of a hazard process and the related
extent of damage (Eq. 1). In accordance with the definition
of (United Nations, 2004), specifications for the probability
of the defined scenario (pSi), the value of the object affected
by this scenario (AOj ), the probability of exposure of object
j to scenario i (pOj, Si), and the vulnerability of object j in
dependence on scenario i (vOj,Si) are required for the quan-
tification of risk (Ri,j ).
Ri,j = f
(
pSi, AOj , vOj,Si, pOj,Si
) (1)
By risk management strategies, population vulnerability can
be reduced and the susceptibility of values at risk can be min-
imised considering the following fundamental issues (Haber-
sack et al., 2004; Fuchs et al., 2007b):
1. Spatial precaution (risk prevention)
Areas, which are permanently or at least temporarily ex-
posed to natural hazards, are to be kept free from settle-
ments (Roy et al., 2003; Hooijer et al., 2004). This fun-
damental statement is mirrored by the current legisla-
tion in Austria, where areas of permanent danger due to
natural processes have to be delimited by hazard maps
(Republik ¨Osterreich, 1976). During spatial planning
activities, these areas should not be allotted for devel-
opment. However, alternative utilisation, such as for
agricultural purpose or leisure activities remain possible
(Hattenberger, 2006; Kanonier, 2006). Spatial planning
(competence of the Federal States), land-use planning
(competence of the municipalities which act at the same
time as building authority), and hazard mapping (com-
petence of the Federation, conducted by the Austrian
Forest Technical Service of Torrent and Avalanche Con-
trol; see Appendix A) are common tools. For the lat-
ter, intensity maps, synoptically hazard maps, risk maps
and protection deficit maps are required as an essential
basis for a sustainable management of natural hazards
(Borter, 1999; Egli, 2000a).
2. Structural precaution (risk reduction)
Damage to objects without structural precautions is
evenly distributed to the building and the interior, such
as furniture and content (see Table 4). The damage costs
Fig. 2. Brick walls reinforced by ferro-concrete components to
strengthen the building’s resistance.
Fig. 3. Distribution of the different rooms according to occupancy
time and the hazard potential.
easily doubles or triples if an oil tank bursts by buoy-
ancy and leaks oil.
Besides conventional technical mitigation measures,
structural precaution is achieved by an adapted con-
struction design and the appropriate use of an object.
Structural precaution is the main application domain
for local structural measures, since the individual vul-
nerability of buildings can be fundamentally decreased
by strengthening e.g. brick walls with reinforced con-
crete components (Fig. 2), and/or the adopted interior
design of the different rooms according to occupancy
time and hazard potential. Figure 3 provides a model
for such adopted design; the sleeping room is located
opposite the hazard impact whilst the bathroom is lo-
cated more hazard-exposed. A well organised utilisa-
tion of the rooms can influence the vulnerability and as
a result the risk considerably (Fell, 1994; Fell and Hart-
ford, 1997).
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3. Behavioural precaution (risk reduction)
In general, the triggering mechanisms of mountain haz-
ards initiate processes with considerable high transport
velocities. As a consequence, possibilities of forecast-
ing and warning are limited due to a relatively short time
period between cause and effect (see Table 5). Thus,
preparedness for such events is closely linked to peo-
ples’ behaviour, in particular with respect to evacuation
and sheltering (Fell and Hartford, 1997). Behavioural
precaution is a risk reduction principle addressing con-
crete action before, during and after a hazardous event.
However, top-down approaches concerning appeals and
information are usually not well received; on the other
hand, the responsibility for possible deficits is regularly
attributed to the institutional obligations of public au-
thorities in the aftermath of an event. If obligation to
concrete precautions by the authorities is not supported
by noticeable incentives, such actions can only be con-
sidered as an offer to self-motivated people (Ita and
Giller, 2006). As a long term objective, shaping the
opinion of people to assume personal responsibility for
natural hazard mitigation should be achieved. Further-
more, there is a call for voluntary contributions to the
prevention of disasters (Patek, 2003).
4. Institutional precaution (risk transfer)
Transferring risks to a broader community is usually
achievable through products sold on the insurance mar-
ket. However, any insurance to cover losses from nat-
ural hazards is optional in Austria. Apart from the in-
clusion of damage resulting from hail, pressure due to
snow load, rock fall and sliding processes in an op-
tional storm damage insurance, no standardised product
is currently available on the national insurance market.
Moreover, the terms of business of this storm damage
insurance explicitly exclude coverage of damage due to
avalanches, floods and inundation, debris flows, earth-
quakes and similar extraordinary natural events (Schief-
erer, 2006). As a result, each citizen is responsible for
individual private financial reserves to cover losses re-
sulting from natural hazards, which might increase the
individual vulnerability. Compulsory elementary insur-
ance is only recently debated, but could transfer the
risk by shifting losses to a broader community (Ungern-
Sternberg, 2004).
If the terms “structural precaution” and “personal re-
sponsibility” are combined for a mental exercise, “local
structural measures” appear as the logical result. How-
ever, since local structural measures have to be regarded
as personal (private) precaution, it is the individual re-
sponsibility to implement such structures. Individual re-
sponsibility ranks among the basic pillars of the civil de-
fence system. Therefore, adequate information and an
appropriate practical implementation in the private sec-




Advance warning time[km/h] ([m/s])
Flash flood 20 (5) Seconds to minutes
Debris flow 40 (10) Seconds to minutes
Spontaneous land slide 4 (1) Seconds to minutes
Permanent land slide 1–1000 mm/a Months to years
Rock fall 110–140 (30–40) Seconds
Dense avalanche 40–140 (10–40) Seconds to minutes
Powder avalanche 110–250 (30–70) Seconds
tor are particularly important to achieve a higher level
of personal precaution (Ita and Giller, 2006).
3 Local protection measures – fundamentals and effects
The principles of planning and implementation of local struc-
tural measures to reduce vulnerability against natural hazards
are neither highly sophisticated nor very innovative. How-
ever, the performance of local structural measures often is ne-
glected or even ignored following the proverb that cheap so-
lutions cannot be effective. Generally, local structural mea-
sures are “the afterthought of a tragedy rather than a fore-
thought of prevention” and are “developed based on indi-
vidual experiences more than scientific knowledge” (IBHS,
2005). Besides, in relation to the potential damage caused by
natural hazards, the construction of local structural measures
seems to be reasonable, in particular if renewal or reconstruc-
tion is planned (FEMA, 1998).
3.1 Fundamentals
Some basic principles should be considered for the imple-
mentation of local structural measures:
1. Knowledge of the interactions between all the possible
hazard processes within the area concerned is required.
It is insufficient to refer only on the most probable trans-
port process, rather than to consider all possible hazard
processes and the inherent interactions and interdepen-
dencies (multi-hazard- and multi-risk-approach, respec-
tively).
2. Spatial measures should be preferred to structural mea-
sures.
The most effective way to avert the impact of natural
hazards to damage potential is to keep the affected ar-
eas clear of values at risk. Therefore, non-structural
mitigation measures – such as land-use planning activ-
ities – should take priority over other mitigation con-
cepts. Moreover, the implementation of local structural
www.nat-hazards-earth-syst-sci.net/8/81/2008/ Nat. Hazards Earth Syst. Sci., 8, 81–99, 2008
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Table 6. The effect of different strategies to avoid water intrusion into buildings (adopted from Egli, 2002a, b).
Local structural measure Efficiency
Deflection of floods 60–80%
Elevated construction almost 100%
Sealing of the building’s openings 50–85%
Sealing of the building’s openings in combination with deflection almost 100%
Water resistant interior design 10–35%
Adopted use of the building 30–40%
measures usually involves – occasionally considerable
– costs. Consequently, the upgrading of existing ob-
jects with such measures might be rather unprofitable
with respect to the required high expenditures. Even
if cost-benefit ratios of local structural measures sug-
gest an economic efficiency, the implementation might
fail since the construction costs occur in the present
while the possible benefits arise in the future. Although
economically considered by discount rates, this does
not encourage private initiatives for the implementation
of local structural protection measures (Ita and Giller,
2006).
3. Permanent measures should be preferred to mobile
equipment.
As mountain hazard processes are usually characterised
by high transport velocities, lead time for reaction (if
early warning systems are installed) might be very
short. Thus, mobile mitigation measures cannot provide
the same safety level than fix installed protective sys-
tems since they need a certain amount of time for instal-
lation. In particular, the required installation time can
increase considerably if the elements of the mobile pro-
tective system are not disposable directly at the endan-
gered object and/or the operator is not regularly trained
in setting up the system.
4. Damage to third parties is not acceptable; hence, local
structural protection must not cause negative impacts to
adjacent or downstream riparian owners’ values at risk.
Following disastrous losses, persons concerned are typ-
ically willing to implement local structural measures.
As a result, these measures are often installed in individ-
ual responsibility neglecting any integrated concept per-
formed by the authorities in charge. In doing so, unco-
ordinated mitigation results within the area affected by
the hazard process, and possible future losses are shifted
further downwards the catchment (e.g. massive concrete
walls which deflect the runoff and the sediments to the
adjacent property).
To conclude, the apparent objectives of local structural
measures include the limitation of loss potential, damage to
third parties, and damage to the environment (Egli, 2002a).
Knowledge on the hazard processes and the related impacts,
the feasibility of individual local structural measures as well
as the effect of the combination of individual measures are
essential for the effectiveness of local protection measures.
3.2 Effects
It seems to be obvious that local structural measures reduce
the vulnerability of buildings considerably. However, since
data related to the effects of process impacts towards build-
ings are rare, and in particular a possible reduction of impacts
due to local structural measures has not been quantified sat-
isfyingly so far, the decrease of vulnerability has hardly been
measured until now (Kreibich et al., 2005; Grothmann and
Reusswig, 2006).
Nevertheless, with respect to inundations and flooding, lo-
cal structural measures are found to be effective in decreasing
vulnerability, in particular if flood levels are below two me-
tres (Egli, 2002a, b) and if static flood intensities are small,
respectively (Kreibich et al., 2005). With respect to dynamic
flooding, Kimmerle (2002) had proven that buildings with
local protection measures suffered less damage than unpro-
tected ones, and concluded that particular combinations of
different local structural measures are effective in sheltering
values at risk from impacts due to torrential floods. Design
and performance are the most important issues considering
the efficiency of local structural measures. Consequently,
strategies of reducing losses show different levels of effec-
tiveness with respect to different types of measures (see Ta-
ble 6).
These findings support the results presented in Fuchs et
al. (2007b) on the effects on vulnerability depending on
whether or not bedload penetrated a building located on a
torrent fan. In particular with respect to low and medium
debris flow intensities, local structural measures such as de-
flection walls and coverings of building openings seem to be
an appropriate tool to decrease vulnerability.
Local structural protection can be either performed as en-
closing structure or as structure directly connected to the
building. Measures surrounding the object at risk seem to be
more effective since they prevent immediate impacts on the
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Fig. 4. Resistance of conventional construction materials to natural hazards (modified from Strauss, 2006, personal communication).
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Table 7. Classification of local structural measures.
Criteria Classes Description
Transport process (Flash) flood – debris flow, land slide –
rock fall – avalanche
Different transport processes represent
different impacts.
Effective period Permanent – temporarily Local structural protection can be either
installed as a permanent device or can
consist out of mobile modules which are
installed only for a certain time after an
early warning.
Location of local structural measures Directly connected to the building – en-
closing the building
Local structural protection can be either
performed as enclosing structure or as
structure directly connected to the build-
ing.
Construction type New building – upgrade of an existing
building
Different local structural measures show
different feasibility due to the construc-
tion of new buildings or renovation of ex-
isting ones.
Construction materials Soil – timber – steel – brick (masonry) –
concrete – reinforced concrete
Considering the transport process and its
impact, different construction materials
show different performances.
Fig. 5. Damage patterns due to static and dynamic floods.
building shell, while structures directly implemented at the
building shell are generally less space-consuming. However,
a combination of measures is anticipated to increase the level
of safety. Apart from engineering foci presented above, it
has to be emphasised that local structural measures generally
fit better in the landscape than traditional mitigation mea-
sures. Even if a quantification of this effect is outstanding,
measures protecting individual objects usually consist from
smaller structures which could either be integrated harmon-
ically into the building’s appearance or which are generally
not visible to untrained eyes.
4 Catalogue of local structural measures
The following catalogue of local structural measures used in
European alpine regions represents an overview of existing
and well-established protective techniques, and aims at in-
creasing the resistance of buildings planned and constructed
in the future. Consequently, the catalogue might be a valu-
able tool to decrease the susceptibility to loss resulting from
natural hazards – in particular for consultants and practition-
ers. Taking the classification of local structural measures into
account, some fundamentals should be considered before im-
plementing the necessary structural adaptation.
4.1 Classification of local structural measures
Local structural measures can be distinguished and classified
in various ways, i.e., according to the applicability for protec-
tion against the hazard process, the location with respect to
the protected object, as well as the type of construction and
material used; a further differentiation is possible whether
the local structure is of permanently or temporarily use, see
Table 7. Considering the possible impacts of natural hazards,
different construction materials show different performance
and resistance. In Fig. 4, a list of conventional construction
materials regularly used in the building industry is presented,
and their suitability for resisting various process impacts is
shown. If the hazardous processes endangering an object at
risk are assessed, these tables can be used to determine rele-
vant impacts on the objects. Moreover, the main protection
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Fig. 6. Local structural measures for new buildings as well as for an upgrade of existing objects with respect to possible impacts of floods.
objectives and the possible local structural measures are de-
scribed.
4.2 Catalogue of local structural measures – static and dy-
namic floods, and fluvial transport of bedload
Impacts originating from static or dynamic flood as well as
from extraordinary surface runoff, accompanied by transport
of solids, endanger the stability of the building (see Fig. 5).
The major processes include groundwater buoyancy and ero-
sion processes, apart from the possible intrusion of water and
solids through the building openings and the sewage system,
the latter causing damage to the interior of the buildings.
Several local structural measures are possible, as shown in
Fig. 6. Considering the catalogue of local structural mea-
sures to protect buildings against floods, widely-used exam-
ples of protection measures, such as elevated constructions
and sealed openings, are presented in Figs. 7–10. For the
erection of new buildings, the terrain can be elevated above
the flood level, which results in an overall decrease in reten-
tion area from an integrated spatial point of view (Fig. 7). If
structural re-calculation is possible, the ground floor can be
built on stilts and elevated above flood level (Fig. 8). The
upgrade of existing buildings often requires slightly different
measures, such as the enhancement of light wells (Fig. 9) and
basement stairs (Fig. 10) above flood level.
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Fig. 7. New building: Object built on altered (elevated) terrain
(courtesy of: die.wildbach, 2005).
Fig. 8. New building: Object built on stilts (courtesy of: Fuchs,
2007).
Fig. 9. New building and upgrade: Enhancement (raising) of light
wells above flood level.
Fig. 10. New building and upgrade: Enhancement (raising) of base-
ment stairs above flood level.
Fig. 11. Damage patterns due to debris flows.
4.3 Catalogue of local structural measures – debris flow
Due to pressure and friction, debris flows can induce high
forces to buildings. Impacts originating from the dynamic or
static load of debris flow material and transported solids such
as boulders endanger the stability of the building (Fig. 11),
apart from the possible intrusion of debris flow material
through the building openings which might cause damage
to the interior of the building. As shown in Fig. 12, sev-
eral local structural measures are possible. Considering the
catalogue of local structural measures to protect buildings
against debris flows, selected examples of protection mea-
sures such as deflection walls and splitting wedges are pre-
sented in Figs. 13 and 14.
4.4 Catalogue of local structural measures – land slide
Impacts originating from the dynamic or static load of sliding
material endanger the stability of the building (see Fig. 15),
in particular with respect to translational slumps. Several lo-
cal structural measures can be implemented, the most pop-
ular are described in Fig. 16. Considering the catalogue of
local structural measures to protect buildings against land
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Fig. 12. Local structural measures for new buildings as well as for an upgrade of existing objects with respect to possible impacts of debris
flows.
Fig. 13. New building and upgrade: Deflection wall and dam.
slides, selected examples of protection measures such as soil
bio-engineering and soil-nailing are presented in Figs. 17–
18. Moreover, the stabilisation of sliding masses is strongly
supported by an efficient drainage system installed in the sub-
surface layers (Fig. 19).
4.5 Catalogue of local structural measures – rock fall
Impacts originating from the dynamic load of rolling, bounc-
ing or falling rocks obviously jeopardise the stability of the
building as well as the interior of the building (Fig. 20). Sev-
eral local structural measures are possible, the most promis-
ing are described in Fig. 21. Considering the catalogue of lo-
cal structural measures to protect buildings against rock fall
processes, selected examples of protection measures include
Fig. 14. New building (and upgrade): Deflection wall and splitting
wedge.
Fig. 15. Damage patterns due to land slides.
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Fig. 16. Local structural measures for new buildings as well as for an upgrade of existing objects with respect to possible impacts of land
slides.
Fig. 17. New building and upgrade: Soil bio-engineering measures
to stabilise unsteady slopes (courtesy of: Rankka, 2005).
earth-filled dams on the hillside of objects to dissipate the ki-
netic energy (Fig. 22) and strengthened outer walls without
any windows (Fig. 23). While earth-filled dams are relatively
space consuming, they are considerably efficient in particular
if they are combined with net barriers (Fig. 24).
4.6 Catalogue of local structural measures – avalanche
Avalanches with their dense and powder fraction can affect
buildings with high pressures and pulls to walls and roofs.
Impacts originating from the dynamic or static load of snow
Fig. 18. New building and upgrade: Soil nailing measures to sta-
bilise unsteady slopes (courtesy of: Rankka, 2005).
and transported solids jeopardise the stability of the building
(Fig. 25). An additional frequently observed impact is the
intrusion of snow through the building openings which result
in remarkable damage to the interior of the buildings. Local
structural measures are widely used in European mountain
regions, the most promising are described in Fig. 26. Con-
sidering the catalogue of local structural measures to protect
buildings against avalanches, selected examples of protec-
tion measures such as deflection dams and splitting facilities
(Fig. 27), and roof terraces to integrate the building into the
surface of the slope are presented (Fig. 28). Earth-filled dams
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Fig. 19. Enclosing structures: Drainage system to stabilise the slid-
ing layers of the slope.
have a long tradition tracing back to mediaeval times and are
very efficient, while porched walls (Fig. 29) and reinforced
shutters (Fig. 30) are only used since the 1960s.
5 Conclusions
Effective local structural measures are the result of system-
atic hazard analyses and aim at the reduction of vulnerability
of values at risk located in the accumulation areas of haz-
ard processes. The importance of local structural measures
is related to the concept of conventional mitigation on the
one hand and the implementation of land-use planning on
the other hand. Consequently, the concept of local protection
should be embedded within the framework of integral risk
management strategies.
Considering different mass movement processes and their
impacts on the built environment, multiple solutions for the
protection of new buildings and the upgrade of existing in-
ventory exist. Planned early, expenditures for the implemen-
tation of local structural measures are comparatively low re-
lated to the total cost of the planned construction.
Recent studies related to torrential hazards in Austria
(Fuchs et al., 2007b) and Switzerland (Romang, 2004) sug-
gested a considerable decrease in vulnerability, if local struc-
tural protection is implemented. However, until now it is
hardly possible to quantify the risk-minimising effects of lo-
cal structural measures. Hence, further studies have to be
carried out in order to assess these effects and their conse-
quences for future enhancement of risk minimising efforts
with respect to buildings and infrastructure facilities.
Apart from these overall goals, there are specific needs for
an improvement of the level of information for affected peo-
ple, legal regulations and risk transfer mechanisms in Austria
as well as other European mountain regions. These needs
Fig. 20. Damage patterns due to rock falls.
would not only result in an increased risk awareness of peo-
ple concerned, but also in an enhanced enforceability of nec-
essary legal regulations, above all building codes. As a re-
sult, the individual responsibility could be strengthened and
the society will be enabled to alternatively use (increasingly
scarce) public funds in a more cost-efficient way.
5.1 Information
It has been widely accepted that people who experienced
natural hazards and their impacts are willing and able to re-
duce their individual susceptibility considerable (e.g., Smith,
1981; Wind et al., 1999). However, since half-life of knowl-
edge is very short, information about natural hazards and
their damage potential to exposed values at risk should be
repeatedly provided by communities, e.g. by regular infor-
mative meetings at community level. Such meetings should
also include technical information on underlying assump-
tions made during the risk assessment procedure, such as the
concept of probability, ranges and uncertainties associated
with design events, and residual risk. Furthermore, the po-
tential of local structural measures should be clearly stressed,
as well as their comparatively low costs with respect to po-
tential losses. This list is not exhaustive; above all, people
have to know where to obtain professional help in planning
local structural measures.
5.2 Legislation
According to a decision of the supreme court of the Republic
of Austria, hazard maps feature the character of a qualified
expertise rather than a legal basis for land-use planning activ-
ities (Hattenberger, 2006; Kanonier, 2006), and thus have no
obligating effect for builders and home-owners concerning
imposed restrictions (building codes). Hence, hazard maps
should become an obligatory part of land-use planning ac-
tivities by using standardised (legal) procedures and terms
to minimise the scope of interpretation of restrictions due to
these maps (Schremmer et al., 2005). However, these re-
quirements might not be consistent to the strongly federal
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Fig. 21. Local structural measures for new buildings as well as for an upgrade of existing objects with respect to possible impacts of rock
falls.
Fig. 22. New building and upgrade: Earth-filled dam for energy
dissipation of falling rocks.
organisation of Austria’s governmental structure. In each
individual federal state, different building acts exist, which
makes a national standardisation of legal prescriptions diffi-
cult. Furthermore, hazard mapping is a national affair, while
building laws are a matter of federal states (Hattenberger,
Fig. 23. New building: Strengthened front wall without windows.
2006). Compulsory building codes implemented on the na-
tional level for objects in exposed areas should be the mini-
mum standard to be achieved in the future. With respect to a
reduction of risk, exceptional building permits in red hazard
zones have to be considerably reduced. Compulsory build-
ing permits should be prescribed even for small construction
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Fig. 24. Enclosing structures: Net barrier to protect buildings
against rock fall.
projects, and should be accompanied by a compulsory final
technical acceptance of completed buildings to receive the
permission of use.
5.3 Risk transfer
It has been outlined in Sect. 2 that natural hazards are not
yet subject to compulsory insurance in Austria. Neverthe-
less, concepts of obligatory insurance evolved in other coun-
tries affected by natural hazards, and succeeded in a consid-
erable risk reduction (Ungern-Sternberg, 2004; Fleischhauer
et al., 2006). Apart from the ongoing discussion on a possi-
ble implementation of such an insurance in Austria (Fuchs,
2007, personal communication), reduced premiums for im-
plemented local structural measures could be a possible in-
centive to increase acceptability of individual precaution.
Furthermore, a positive consideration of both, local struc-
tural measures and private insurances in case of necessary
compensations by the catastrophe fund would be desirable
(The current situation in Austria acts the opposite way: Com-
pensations paid out by privately effected insurances are sub-
tracted from grant aids by the catastrophe fund; Prettenthaler
and Vetters, 2005). In order to foster such incentives, local
structural measures would also be promoted if reduced bank
credits for construction were available.
Appendix A
Hazard zone mapping in Austria
In Austria, the methodology for delimiting hazard zones is
regulated by a national legal act (Republik ¨Osterreich, 1975)
and an associated decree (Republik ¨Osterreich, 1976). The
implementation of these regulations is assigned to the Fed-
eral Ministry of Agriculture, Forestry, Environment and Wa-
ter Management (BMLFUW) and administrated by the gov-
Fig. 25. Damage patterns due to avalanches.
ernmental departments of the Austrian Service for Torrent
and Avalanche Control (WLV)1 and the Federal Water Engi-
neering Administration.
The Forest Act (§ 8b) of 1975 prescribes the delimitation
of hazard zones in catchment areas susceptible to natural haz-
ards such as torrential floods or avalanches (Forest Act § 99)
and areas reserved for mitigation measures. In § 11, the com-
pilation of hazard maps and the involvement of communes
and population are regularised. The contents and designs of
these maps are specified by the decree2 associated to the For-
est Act (Republik ¨Osterreich, 1976). According to § 5 (2) of
the Decree on Hazard Zoning, all available data and infor-
mation on natural hazards as well as interactions between
individual hazard processes have to be considered during the
compilation of hazard maps. Furthermore, interferences with
the human environment, such as infrastructure facilities and
settlements have to be taken into account.
Hazard maps are usually based on the area of an individual
community, and should be compiled in a reproducible man-
ner to allow for validation during the approval process by the
Federal Ministry of Agriculture, Forestry, Environment and
Water Management.
Hazard maps are based on a design event with a return
period of 150 years, and an event occurring more frequent
with a return period of 10 years (Republik ¨Osterreich, 1976).
In § 6 of the Decree on Hazard Zoning3, the criteria for de-
limitation of hazard zones is prescribed. According to these
prescriptions, red hazard zones indicate those areas where
the permanent utilisation for settlement and traffic purposes
is not possible or only possible with extraordinary efforts for
mitigation measures. Yellow hazard zones indicate those ar-
eas where a permanent utilisation for settlement and traffic
purposes is impaired by hazard processes. Furthermore, spe-
cific other areas have to be displayed in the hazard maps:
1ForstG § 11 Abs. 1
2Decree of the Federal Minister; Verordnung des Bundesmin-
isters fu¨r Land- und Forstwirtschaft vom 30. Juli 1976 u¨ber die
Gefahrenzonenpla¨ne (GefahrenzonenplanVO), BGBl 1976/436
3GefahrenzonenplanVO § 6
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Fig. 26. Local structural measures for new buildings as well as for an upgrade of existing objects with respect to possible impacts of
avalanches.
Fig. 27. New building and upgrade: Earth-filled dams as deflection
and splitting facilities.
Fig. 28. New building: Roof terrace to integrate the building into
the surface of the slope.
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Fig. 29. New building: Protection of windows by porched walls.
Fig. 30. New building and upgrade: Window shutters to prevent
intrusion of snow.
(1) Blue colours mark areas to be provided for future mitiga-
tion measures, (2) brown colours indicate areas affected by
land slides and rock fall and (3) purple colours indicate areas
that can be used as protection due to their natural properties,
such as protection forests or natural retention basins.
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